We considered the prototype of a SiC Schottky diode Rectifier Bridge made on the basis of commercial SiC Schottky diodes by diffusion welding (DW). Vertical integration for four diode chips in combination with molybdenum electrodes can improve the overall weight and dimensions of the module performance and increase device durability to radiation exposure. Our DW prototype, in contrast to commercial bridges, completely preserved the initial characteristics after irradiation by electrons with an energy of 0.9 MeV and density of 3 x 10 16 cm -2 .
Introduction
In the commercial production of semiconductor devices based on silicon carbide, modular compositions are widely used. In the manufacturing of modules, traditionally a horizontal integration option is implemented using wire bonds [e.g. 1, 2]. Nevertheless, the method of vertical integration is used extensively in the manufacturing of modules based on Si and GaAs [e.g. 3]. This method is attractive because it is possible to obtain a compact integral connection using the entire contact surfaces. Such a construction can be used as high-voltage stacks, rectifier bridges and elements of AC / DC and DC / DC converters.
In [4] , we considered the diffusion-welded prototype of the high-voltage diode stack made on the basis of commercial SiC Schottky diodes. The implementation of vertical integration of the four diode chips yielded a stack with the reverse current of 25 μA under a reverse voltage of 6 kV.
As a continuation of this topic, here, we show the prototype of the SiC Schottky diode Rectifier Bridge represented as a diffusion-welded stack. Commercial Schottky diodes CPW3-1700-SO10B of Cree Inc. were used to make the stack. Four diode chips were connected in a column in accordance with a single-phase Graetz bridge scheme. The welding process was carried out under a vacuum at a temperature of 550° C and pressure of 20 MPa. The connecting material was aluminum foil of 60 μm thickness. The molybdenum electrodes/heat radiators of 0.6 mm thickness and 6 mm in diameter were used as the material that was most probably close to silicon carbide in terms of the coefficient of thermal expansion. Also, molybdenum can perform the function of the screen to protect the SiC structures from radiation exposure [5, 6] . All contacts were performed simultaneously in a single welding cycle. The scheme of bonding is shown in Fig. 1 . The silicon carbide Schottky Rectifier Bridge FBS 10-06SC of IXYS Corporation with plastic compound packaging (the thickness of the plastic is aligned with that of the molybdenum electrodes in the DW stack) was used as a control sample. A detailed analysis of the comparative tests of the experimental and commercial bridges before and after irradiation is now presented.
Materials and Methodology
The process of diffusion welding for the stack, as well as the materials used, was represented in the Introduction. The process was carried out on an SL-05 modernised diffusion welding unit from Frisch GmbH Mechatronic Systems. The connection scheme is shown in Fig. 1 . After welding, the samples were processed by an appropriate treatment in order to provide additional insulation protection of the sides and the gaps between the chips. Also, for convenience of some measurements, the chip prototypes protected by molybdenum and a plastic compound of appropriate thickness were prepared. Then, for the characterisation of the stack, control Rectifier Bridge and chip models, a series of electrical measurements before and after irradiation was taken. To carry out the electrical measurements, we used the following equipment: an Agilent B1500A semiconductor device analyser, a DLS-83D deep level transient spectroscope, a LEMSYS DMS dynamic parameter system, the generator AFG 3252, Tektronix and an Agilent MSOS104A oscilloscope. Irradiation with electron energy of 0.9 MeV and 3 x 10 16 cm -2 density was performed in a resonant-transformer accelerator (pulse frequency 490 Hz, pulse width 330 μs) on a target cooled with flowing water.
Results and Discussion
Before connecting in a modular, all the initial diodes have to be equivalent in the parameters both in static and dynamic conditions. Therefore, we started with the selection of the initial chips by the closest parameters. After connecting the stack to the sides of molybdenum electrodes by pulsed thermocompression, electrical connections were welded. The functional capacity of the stack bridge compared to a control sample was tested. At the same input signal, the output signal was completely identical to the control and the experimental sample ( Fig. 2a ). After irradiation, the output for the weld bridge remained unchanged, as shown in Fig. 2a , but the amplitude of the output signal of the control sample decreased by a factor of two; see Fig. 2b . In addition, for individual diode elements included in the control and experimental bridges, the I-V and C-V characteristics and the reverse recovery time before and after irradiation were measured. The situation with the deep levels before and after irradiation was studied in model samples mimicking the protective coating on the control and experimental bridge. The measurement results are shown in Figs. 3-5. 
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As shown in Fig. 3 , the I-V characteristics for the welded bridge after irradiation has not changed, but R s of control device increased by more than a factor of three (0.15 Ω vs. 0.5 Ω). This is equivalent to connecting the additional load at the output and is the reason for the decrease of the output signal amplitude. The C-V characteristics (Fig. 4 ) of the individual diodes included in the bridge showed unchanged results for the DW stack and a reduction in the capacity of the irradiated control sample. This is due to the decrease of the carrier density and the corresponding expansion of the space charge region. The temperature DLTS scan (Fig. 5 ) demonstrated an almost threefold increase in the concentration of deep traps for the model sample with a plastic coating. In the chip under the molybdenum electrode, changes in the concentration of the traps did not occur. The reverse recovery time (τ rr ) for elements of DW stack after irradiation remained unchanged at τ rr = 20.1 ns. On the diodes of the control bridge τ rr increased from 15.1 ns to 23.8 ns. The reason for this is the increasing R s of the junction, as well as the increased n-base resistance due to a decrease in the carrier density in the junction region and the n-base.
Summary
We have presented one of the possible versions for the vertical structure of a Rectifier Bridge made by diffusion bonding. In addition to the favourable overall weight and size parameters, this structure has demonstrated durability to electron radiation, at least at the energy of 0.9 MeV. In some ways, this work is a practical illustration of our material presented in [7] . Since SiC is a radiation-dependent material, the problem of radiation protection packaging becomes relevant with the expansion of the scope of SiC-based devices.
